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DESCRIPTION 
OPERATING SYSTEM OF CONSTRUCTION MACHINERY 



TECHNICAL FIELD 
The present invention relates to an operating system 
for a construction machine, such as an excavator, or the 
like . 

BACKGROUND ART 
Desirably, in a construction machine, such as an 
excavator, it is sought to save energy when the machine is 

a 

m traveling or performing various work tasks. Therefore, a 
conventional device is known, which calculates the 
quantity of work and the fuel consumption, and is able to 
analyze whether the work efficiency is good or poor (see, 
for example, Japanese Patent Publication No. 2534880 (pp. 
3-4, Fig. 1)). Furthermore, a method is also known 
whereby an overall repair plan, update plan, and the like, 
for a self-propelled vehicle can be proposed by 
determining the engine status and work quantity (see, for 
example, Japanese Patent Laid-open No. 9-329051 (pp. 3 - 
4, Fig. 2) . 

In other words, the construction machine disclosed in 
Japanese Patent Publication No. 2534880 (pp. 3-4, Fig. 
1) determines the work quantity by means of a detection 
device comprising an angle speed sensor, a fuel sensor, a 
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weight detection sensor, and the like, calculates the work 
quantity and fuel consumption during the cycle time, and 
calculates the quantity of work per unit time and the 
quantity of work per unit of fuel consumption. The 
construction machine prints out the quantity of work per 
unit time and the quantity of work per unit of fuel 
consumption thus calculated. Furthermore, the 

construction machine (self-propelled vehicle) disclosed in 
Japanese Patent Laid-open No. 9-329051 (pp. 3-4, Fig. 2) 
comprises: engine speed detecting means; fuel injection 
amount per engine revolution detecting means; loaded 
weight detecting means; vehicle speed detecting means; and 
oscillating means for issuing a trigger signal at 
prescribed time intervals; and the like. It calculates 
the fuel injection amount per unit time, the transported 
quantity per unit of fuel injection amount, and the like. 

DISCLOSURE OF THE INVENTION 
In this way, in the construction machine disclosed in 
Japanese Patent Publication No. 2534880 (pp. 3-4, Fig. 
1), the quantity of work per unit time, the quantity of 
work per unit of fuel consumption, and the like, are 
merely disclosed (displayed) in a report document. 
Therefore, the operator is not able to operate the machine 
in a way which improves fuel consumption, even if he or 
she sees this report, and therefore, this does not permit 



the operator to perform highly efficient driving and work, 
during driving and work tasks. Furthermore, in the 
construction machine (self-propelled vehicle) disclosed in 
Japanese Patent Laid-open No. 9-329051, a repair plan, 
update plan, and the like, are proposed on the basis of 
the fuel injection amount per unit time, the transported 
quantity per unit fuel injection amount, and the like, and 
this machine also fails to aid the operator in performing 
highly efficient operation. 

The invention was devised in order to resolve the 
problems of the prior art, an object thereof being to 
provide an operation system for a construction machine 
whereby the operator is able to receive advice in order to 
perform efficient operation and control in accordance with 
the work contents, and to operate and control the machine 
in a manner which improves fuel consumption, and the like. 

The operating system for a construction machine 
according to the present invention comprises: setting 
means for setting a target value with respect to a 
frequency distribution of a prescribed state value 
relating to an operational condition of the construction 
machine; detecting means for detecting a prescribed state 
value; and control means for calculating the frequency 
distribution of said prescribed state value detected by 
said detecting means, comparing said frequency 
distribution thus calculated with said target value set by 



said setting means, and outputting a previously prepared 
message in accordance with the comparison result. 

Furthermore, this operating system may also be 
composed in such a manner that a plurality of regions are 
set in the range of possible variation of said prescribed 
state value; the setting means sets a target value for 
each region; and the control means compares the frequency 
distribution and target value for each region and outputs 
a message corresponding to the comparison result for each 
region. 

Furthermore, this operating system may also be 

m 

composed in such a manner that the setting means sets 
target values for a plurality of prescribed state values; 
and the detecting means detects a plurality of prescribed 
state values; and the control means calculates a plurality 
of frequency distributions of the plurality of prescribed 
state values, compares the frequency distribution with the 
target value for each of the prescribed state values, and 
outputs a previously prepared message in accordance with 
the combination of comparison results for the plurality of 
prescribed state values. 

For the prescribed state value of the operating 
system for a construction machine, it is possible to use, 
for example, the hydraulic oil pressure, the engine speed, 
or the frequency of a work action. 
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As the frequency of a work action, if the 
construction machine is an excavator, for example, it is 
possible to use a boom swinging operation, an arm swinging 
operation, a bucket swinging operation, a rotating 
operation of the upper rotating body, a travel operation, 
or the like. Therefore, supposing that the rotating 
operation has high frequency, it is possible to display a 
message in order that the operator reduces the angle of 
rotation of the machine. Furthermore, if the travel 
frequency is high (if the frequency of the travel time is 
- high) , then this indicates that wasteful movement in the 
worksite occurs frequently, and therefore a message can be 
displayed recommending the operator to avoid unnecessary 
movement in the worksite. 

Furthermore, for the prescribed state value, it is 
possible to use the fuel consumption amount or the fuel 
consumption rate, for example. 

The operating system for a construction machine may 
be composed in such a manner that a message is displayed 
on the monitor screen of the operator's cab. Furthermore, 
by outputting this message as a voice announcement, it is 
possible to achieve a composition in which the operator 
located in the operator's cab is able to identify the 
message, simply, without looking at the monitor screen, or 
the like. 
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The operating system for a construction machine can 
be composed in such a manner that the whole system is 
mounted in the construction machine. Thereby, it is 
possible to carry out processing for detecting the 
frequency distribution of the prescribed state value, 
outputting a message on the basis of the comparison 
between the calculated frequency and the target value, and 
the like, rapidly. Furthermore, there is no need to 
provide communications means in the machine and in a 
section located outside the machine. 

Furthermore, the operating system may comprise an 
component located in the operating system, and another 
component located outside the operating system, in such a 
manner that a message is transmitted from the component 
outside the operating system to the component in the 
operating system. By this means, it is possible to reduce 
the amount of equipment constituting the system that is 
mounted in the operating system, and hence reductions in 
the weight and size of the operating system can be 
achieved. Since a message is sent to the operating system 
from a section outside the operating system, it is 
possible to set the timing at which this message is sent 
to the operating system, to a desirable timing, and the 
contents of the information thus transmitted can be 
changed as desired. 



Furthermore, a message may also be displayed in the 
section outside the construction machine. In this case, 
it is possible for an externally located work manager, or 
the like, to identify the message. 

The operating system according to a further aspect of 
the present invention comprises: setting means for setting 
a target value with respect to a frequency of a workless 
state of the construction machine; detecting means for 
detecting a workless state during the period that the 
engine is operated; control means for comparing the 
frequency detected by said detecting means with said 
target value set by said setting means, and outputting a 
previously prepared message in accordance with the 
comparison result. 

Moreover, as a workless state, it is possible to use, 
for example, a state where an automatic deceleration 
function or a lever lock function is engaged. 

The operation control method according to a further 
aspect of the present invention comprises the steps of: 
setting a target value corresponding to the frequency 
distribution of a prescribed state value relating to the 
operational condition of the construction machine; 
detecting the prescribed state value; and calculating the 
frequency distribution of said prescribed state value 
detected by said detecting means, comparing said frequency 
distribution thus calculated with said target value set by 



said setting means, and outputting a previously prepared 
message in accordance with the comparison result. 

According to the operating system for a construction 
machine described above, the operator is able to receive a 
message corresponding to the result of a comparison 
between the frequency of a state value generated on the 
basis of the operation and control of the machine 
hitherto, and a target value that has been determined 
previously. Therefore, if the operator improves his or 
her subsequent operation of the machine on the basis of 
- this message, the operator is able to perform efficient 
operation in accordance with a target value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a principal perspective diagram showing an 
embodiment of a construction machine equipped with an 
operating system according to the present invention; 

Fig. 2 is a general simplified diagram of the 
construction machine; 

Fig. 3 is a simplified block diagram showing a 
control circuit of the aforementioned operating system; 

Fig. 4 is a diagram showing the hydraulic oil 
pressure distribution per unit time; 

Fig. 5 is a flow diagram of a control example where 
the prescribed state value is the hydraulic oil pressure; 
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Fig. 6 is a diagram showing the engine speed 
distribution per unit time; 

Fig. 7 is a flow diagram of a control example where 
the prescribed state value is the engine speed; 

Fig. 8 is a diagram showing the composite state value 
distribution per unit time; 

Fig. 9 is a flow diagram of a control example where a 
plurality of state values are used; 

Fig. 10 is a diagram showing an example of judgment 
rules and display messages based on a combination of a 
plurality of state values; 

Fig. 11 is a diagram showing the frequency of an 
automatically decelerated state; 

Fig. 12 is a flow diagram of a control example where 
an automatic deceleration state is used; 

Fig. 13 is a diagram showing the engine speed 
frequency in a lever lock state; 

Fig. 14 is a flow diagram of a control example where 
a lever lock state is used; 

I 

Fig. 15 is a diagram showing the frequency of a work 
action; and 

Fig. 16 is a simplified block diagram showing a 
further embodiment of an operating system according to the 
present invention . 
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BEST MODE FOR CARRYING OUT THE INVENTION 
Next, a specific embodiment of the operating system 
of a construction machine according to this invention is 
described in detail with reference to the drawings. Fig. 
2 is a simplified diagram of a construction machine fitted 
with this operating, system. This construction machine is 
an excavator, which comprises a lower traveling body 1, 
and an upper rotating body 3 fitted rotatably via a 
rotation mechanism 2, on the upper part of the lower 
traveling body 1. A work tool 4 is coupled to the upper 
- rotating body 3. This work tool 4 comprises a boom 5, of 
which the base part is coupled swingably to the upper 
rotating body 3, an arm 6 coupled swingably to the front 
end of the boom 5, and a bucket 7 coupled swingably to the 
front end of the arm 6. Furthermore, the upper rotating 
body 3 comprises an operator's cab 11, and the like. 

As shown in Fig. 1, an operator's seat 13 is provided 
in the center of the operator's cab 11 of the upper 
rotating body 3, and travel control section 14 is provided 
in front of the operator's seat 13. This travel control 
section 14 comprises travel levers 15 and 16, and travel 
pedals 17 and 18, which swing in unison with the 
respective travel levers 15 and 16. In this case, when 
the travel levers 15 and 16 are pushed forward, the lower 
traveling body 1 advances and when the travel levers 15 
and 16 are pulled backward, the lower traveling body 1 

10 



reverses. An attachment pedal 8 is provided in the 
vicinity of the travel control section 14, and a meter 
panel 10 is provided on one of the side windows 9. 

Furthermore, work tool operating levers 19 and 20 are 
provided respectively on the side portions of the 
operator's seat 13. These work tool operating levers 19 
and 20 are used to perform upward and downward movement of 
the boom 5 and rotation of the arm 6 and bucket 7, as well 
as controlling the rotation of the upper rotating body 3 
itself. Furthermore, a lock lever 21 is provided in the 
vicinity of one of the work tool operating levers 19. 
mM Here, the lock lever 21 serves to halt functions such as 
the operation of the work tool 4, the rotation of the 
upper rotating body 3, or the travel of the lower 
traveling body 1. In other words, it is possible to lock 
the movement of the work tool 4, and the like, by 
performing an upward pulling operation of the lock lever 
21, and in this state, it will not be possible to move the 
work tool 4, and the like, even if the work tool operating 
levers 19, 20, and the like, are operated. 

Furthermore, a monitor device 22 for displaying the 
engine status, and the like, is provided in the operator's 
cab 11 of the construction machine. Here, the engine 
status means, for example, the temperature of the engine 
cooling water, the temperature of engine oil, the amount 
of remaining fuel, and the like. The monitor device 22 is 
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disposed below a vertical frame 25 which divides the front 
window 23 of the operator's cab 11 from one of the side 
windows 9, and a monitor screen 26 and operational push 
buttons 27, are provided on the front surface of the 

external case 24 thereof. The monitor screen 26 is 
constituted by a liquid crystal panel, for example. 

The construction machine comprises a control circuit 
which constitutes an operating system as shown in Fig. 3. 
This circuit determines the frequency distribution of 
prescribed state values relating to the operational state 
of the construction machine within a prescribed period of 
time, compares this frequency distribution with a target 
value at which the frequency of the aforementioned 
prescribed state value indicates efficient operation, and 
if the frequency distribution lies outside the target 
value, then it is assumed that the operation is 
inefficient, and operational advice can be provided to the 
operator in order that the frequency distribution is 
brought within the target values. The control circuit 
comprises an engine speed detector 31, a hydraulic oil 
pressure detector 32, a fuel injection amount detector 33, 
a quantity of work detector 34, control section 35 to 
which detection values (data) from these detectors 31, 32, 
33 and 34 are input, setting section 36 for setting the 
target value, and the like. Furthermore, the operational 
advice is displayed on the monitor screen 26 of the 
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monitor device 22. It is possible to calculate the fuel 
consumption amount of the construction machine on the 
basis of the fuel injection amount calculated by the fuel 
injection amount detector 33. The quantity of work 
detector 34 consists of a sensor which detects the loaded 
weight of the bucket, for example, and the quantity of 
work during loading can be determined, for example, from 
(loaded amount x number of loads / time) , or the like, by 
detecting the loaded amount in the bucket by means of a 
monitoring camera, or the like, and the quantity of work 
during transportation can be determined from (loaded 
- weight x distance) . For this purpose, the quantity of 

m 

work detected by the quantity of work detector 34 is input 
to the control section (calculation section) 35, and here, 
the fuel consumption amount per quantity of work is 
calculated, for example. When detecting the quantity of 
work, it is also possible to detect the amount loaded in 
the bucket by means of visual observation by the operator, 
or the like, rather than using a sensor. Furthermore, the 
number of loads may be counted by means of a manually 
operated switch, or the like. The section which processes 
information, such as the control section 35, the setting 
section 36, and the like, may be realized by using a 
computer installed with a computer program for information 
processing, or alternatively, it may be realized by using 
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a wired hardware circuit or a combination of a wired 
hardware circuit and a computer. 

Examples of the state values relating to the 
operational condition of the construction machine include 
the hydraulic oil pressure, the engine speed, and the 
like. Below, an example of the control implemented in 
order to display a message, according to each type of 
state value, will be described. 

Firstly, an example of control in a case where the 
state value is the hydraulic oil pressure will be 
presented. Fig. 4 is a graph of the hydraulic oil 
pressure distribution per unit time. 

As shown in Fig. 4, the control section 35 sets the 
region I, the region II, the region III, the region IV and 
the region V, within the range of variation of the 
hydraulic oil pressure. Region I is a region where it is 
inferred that the machine is operating without any load. 
Loadless operation is similar to "idling" , and means a 
state where the engine is running but the construction 
machine is performing no substantial work at all. Region 
II is a region where it is inferred that the machine is 
performing wasteful work. Region III is a region where it 
is inferred that the construction machine is performing 
suitable work. Region IV is a region where it is inferred 
that the construction machine is performing high-load 
work. Region V is a region where it is inferred that the 



hydraulic oil pressure relief mechanism operates due to 
excessively high hydraulic oil pressure. 

The setting section 36 sets a different target value 
El for each of the regions I to V, in accordance with 
instructions from the user, and these target values El are 
stored in the control section 35. The hydraulic oil 
pressure is detected within a prescribed time period by 
means of the hydraulic oil pressure detector 32, and the 
frequency distribution E2 of the hydraulic oil pressure 
thus detected is calculated by the control section 35 and 
stored in the control section 35. The control section 35 
_._ compares the previously determined target value El with 
the detected and calculated hydraulic oil pressure 
frequency distribution E2, and if the frequency 
distribution E2 exceeds the target value El, then the 
construction machine is judged to be operating 
inefficiently, and a message is displayed on the monitor 
screen 26 prompting the operator to control the machine in 
such a manner that the frequency distribution E2 comes 
within the target value El. The target value El is the 
upper limit of the range within which it is inferred that 
the machine is operating efficiently, and the range equal 
to and below this target value El is a target value range 
in which it is provisionally inferred that the machine is 
operating efficiently. Furthermore, the message displayed 
is previously determined by the setting section 36, and 
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different message contents are previously stored in the 
control section 35 for each region. 

Fig. 5 shows the sequence of control for displaying a 
message in accordance with the result of comparing the 
frequency distribution E2 and the target value El, and it 
is illustrated in the form of a flowchart. 

As shown in Fig. 5, the control section 35 samples 
the hydraulic oil pressure value detected by the hydraulic 
oil pressure detector 32 , over a prescribed time period 
designated by the user (S101) . The control section 35 
then creates a hydraulic oil pressure frequency 
distribution E2 on the basis of the sampled hydraulic oil 
pressure values (S102) . Therefore, for each region preset 
by the setting section 36, the frequency distribution E2 
is compared with the target value El preset by the setting 
section 36 (S103) . Consequently, if the frequency 

distribution E2 exceeds the target value El in any one of 
the hydraulic oil pressure regions I, II, III, IV or V, 
then the construction machine is taken to be operating 
inefficiently and the control section 35 displays a 
message containing operational advice which has been 
prepared previously for the hydraulic oil pressure region 
in question (S104 - S113) . 

At step 104, the extent of loadless operation is 
judged by performing the aforementioned comparison with 
respect to region I. At step 104, if the frequency 



distribution E2 has exceeded the target value El, as in 
Fig. 4, then this indicates that the frequency of loadless 
operation is high and the operation of the machine is 
inefficient. Consequently, a preset message drawing 

attention to the inefficient operation of the machine is 
displayed (S105) . On the other hand, if the frequency is 
equal to or less than the target value, then no message is 
displayed (S114) . At step 106, the frequency of wasteful 
operation is judged by performing the aforementioned 
comparison with respect to region II. Similarly to Fig. 
4, if the frequency distribution E2 has exceeded the 
target value El, then this indicates that the frequency of 
wasteful work is high and the operation of the machine is 
inefficient. Consequently, a preset message drawing 

attention to the inefficient operation of the machine is 
displayed (S107). On the other hand, if the frequency is 
equal to or less than the target value, then no message is 
displayed (S114). At step 108, the frequency of light- 
load operation is judged by performing the aforementioned 
comparison with respect to region III. At step 108, if 
the frequency distribution E2 has exceeded the target 
value El, as in Fig. 4, then this indicates that the 
frequency of light-load work is high and the operation of 
the machine is inefficient. Consequently, a preset 

message drawing attention to the inefficient operation of 
the machine is displayed (S109) . On the other hand, if 



the frequency is equal to or less than the target value, 
as shown in Fig. 4, then this indicates that the machine 
is operating efficiently, and hence no message is 
displayed (S114). At step 110, the frequency of high-load 
work is judged by performing the aforementioned comparison 
with respect to region IV. Similarly to Fig. 4, if the 
frequency distribution E2 has exceeded the target value 
El, then this indicates that the operation of the machine 
is inefficient. Consequently, a preset message drawing 
attention to the inefficient operation of the machine is 
displayed (Sill) . On the other hand, if the frequency is 
equal to or less than the target value, then no message is 
displayed (S114). At step 112, the frequency of a 
hydraulic oil pressure relief action is judged by 
performing the aforementioned comparison with respect to 
region V. If the frequency distribution E2 exceeds the 
target value El, then this indicates that the hydraulic 
oil pressure relief mechanism operates with high 
frequency, and consequently it is judged that the machine 
is operating inefficiently, and a preset message drawing 
attention to the inefficient operation of the machine is 
displayed (S113) . On the other hand, if the frequency is 
equal to or less than the target value, then no message is 
displayed (S114 ) . 
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Next, a control example in which the state value is 
the engine speed will be described. Fig. 6 is a graph of 
the engine speed distribution per unit time. 

As shown in Fig. 6, the control section 35 sets 
region I and region II in the possible range of variation 
of the engine speed. Region I is a region in which it is 
inferred that the engine is in an automatic deceleration 
state or an idling state. Region II is a region which is 
suitable for the operation of the construction machine. 

The setting section 36 sets a different target value 
E3 for both of the regions I and II, in accordance with 
instructions from the user, and these target values E3 are 
stored in the control section 35. The engine speed is 
detected within a prescribed time period by means of the 
engine speed detector 31, and the frequency distribution 
E4 of the engine speed thus detected is calculated by the 
control section 35 and stored in the control section 35. 
The control section 35 compares the previously determined 
target value E3 with the detected and calculated engine 
speed frequency distribution E4, and if the frequency 
distribution E4 exceeds the target value E3, then the 
construction machine is judged to be operating 
inefficiently and a message is displayed on the monitor 
screen 26 prompting the operator to control the machine in 
such a manner that the frequency distribution E4 comes 
within the target value E3 . Furthermore, the message 



• displayed is specified by the setting section 36, and 

different message contents are previously prepared in the 
control section 35 for each region. 

Fig. 7 shows a flowchart depicting the sequence of 

control for displaying a message in accordance with the 

result of comparing the frequency distribution E4 and the 
target value E3. 

As shown in Fig. 7, the control section 35 samples 
the engine speed value detected by the engine speed 
detector 31, over a prescribed time period designated by 
the user (S201) . The control section 35 creates a 
frequency distribution E4 of the engine speed on the basis 
of- the sampled engine speed values (S202) . Therefore, for 
each region of the engine speed preset by the setting 
section 36, the frequency distribution E4 is compared with 
the target value E3 preset by the setting section 36 
(S203) . Consequently, if the frequency distribution E4 
exceeds the target value E3 in either of the engine speed 
regions I or II, then the construction machine is taken to 
be operating inefficiently, and the control section 35 
displays a message containing operational advice which has 
been prepared previously for the engine speed region in 
question (S204 - S206) . 

At step 204, the frequency of an automatic 
deceleration or idling state is judged by performing the 
aforementioned comparison with respect to region I. 
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Similarly to Fig. 6, if the frequency distribution E4 has 
exceeded the target value E3, then this indicates that the 
operation of the machine is inefficient. Consequently, a 
preset message drawing attention to the inefficient 
operation of the machine is displayed (S205) . On the 
other hand, if the frequency is equal to or less than the 
target value, then no message is displayed (S207) . 
Automatic deceleration means control performed in order to 
automatically reduce the speed of the engine, when it is 
deduced that the engine is not performing any work while 
it is running, and when all of the operating levers, such 
as the travel levers 15 and 16, the work tool operating 
levers 19 and 20, and the like, are in a neutral state, 
then the engine speed is reduced instantly by a prescribed 
amount of revolutions (first deceleration) . Furthermore, 
if a prescribed time period (for example, approximately 
four seconds) elapses, then the engine speed is reduced 
further by a prescribed number of revolutions (second 
deceleration) . Thereafter, the engine speed is maintained 
(sustained) until a lever is operated. At step 206, the 
aforementioned comparison is carried out with respect to 
region II. In this region, even if the frequency 

distribution E4 exceeds the target value E3, no message is 
displayed (S207) . This is because region II is a region 
which is suitable for the operation of the construction 
machine . 
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In Fig. 4 and Fig. 6 above, a judgment was made on 
the basis of the distribution of a single state value, but 
a composite judgment may be made on the basis of the 
frequency distributions of a plurality of state values. 

Fig. 8 shows a range of variation including both the 
state value distribution relating to the hydraulic oil 
pressure and the state value distribution relating to the 
engine speed. 

As shown in Fig. 8, the control section 35 sets 
region I and region II within the range of variation of 
the hydraulic oil pressure, and it sets region I, region 
II and region III within the range of variation of the 
engine speed. The setting section 36 sets a different 
target value E5, respectively, for the hydraulic oil 
pressure regions I and II, in accordance with instructions 
from the user, and these target values E5 are stored in 
the control section 35. Similarly, the setting section 36 
sets a different target value E7, respectively, for the 
engine speed regions I, II and III, in accordance with 
instructions from the user, and these target values E7 are 
stored in the control section 35. The hydraulic oil 
pressure is detected within a prescribed time period by 
means of the hydraulic oil pressure detector 32, and the 
frequency distribution E6 of the hydraulic oil pressure 
thus detected is calculated by the control section 35 and 
stored in the control section 35. Similarly, the engine 



speed is detected within a prescribed time period by means 
of the engine speed detector 31 , and the frequency 
distribution E8 of the engine speed thus detected is 
calculated by the control section 35 and stored in the 
control section 35. Next, the control section 35 compares 
the target value E5 previously determined for the 
hydraulic oil pressure with the detected and calculated 
frequency distribution E6, for each region, and it stores 
the comparison result in the control section 35. 
Similarly, the control section 35 compares the target 
value E7 previously determined for the engine speed with 
the detected and calculated frequency distribution E8 of 
the engine speed, for each region, and it stores the 
comparison result in the control section 35. The control 
section sums the hydraulic oil pressure comparison result 
and the engine speed comparison result, and if it judges 
that the construction machine is operating inefficiently 
as a result of this sum, then it displays a message on the 
monitor screen 26 prompting the operator to control the 
machine in an efficient manner. Furthermore, the 

displayed message is preset by the setting section 36, and 
different message contents are previously stored in the 
control section 35 for each* combination of the hydraulic 
oil pressure comparison result and the engine speed 
comparison result . 
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Fig. 9 shows a flowchart illustrating the work flow 
of control for summing the result of a comparison between 
the frequency distribution E6 of the hydraulic oil 
pressure and the target value E5 of the hydraulic oil 
pressure, and the result of a comparison between the 
frequency distribution E8 of the engine speed and the 
target value E7 of the engine speed, and displaying a 
message according to the ' combination of comparison 
results . 

As shown in Fig. 9, the control section 35 samples 
the hydraulic oil pressure detected by the hydraulic oil 
pressure detector 32, over a prescribed time period 
designated by the user (S301) . Furthermore, the control 
section 35 also samples the engine speed detected by the 
engine speed detector 31, over a prescribed time period 
designated by the user (S302). Next, the control section 
35 creates a frequency distribution E6 for the hydraulic 
oil pressure on the basis of the sampled hydraulic oil 
pressure (S303) . Furthermore, the control section 35 also 
creates an engine speed distribution E8 on the basis of 
the sample engine speed (S304) . For each hydraulic oil 
pressure region, the frequency distribution E6 is compared 
with the target value E5 preset by the user, and a 
comparison result is stored in the control section 35 
(S305) . For each engine speed region, the frequency 
distribution E8 is compared with the target value E7 



preset by the user, and a comparison result is stored in 
the control section 35 (S306) . If the frequency 

distribution exceeds the target value in either of the 
variation ranges, then the control section judges that the 
construction machine is operating inefficiently. Next, 
the control section 35 sums the comparison result for the 
hydraulic oil pressure with the comparison result for the 
engine speed (S307) and for each different combination of 
results, it displays a different operational advice 
message which has been stored previously (S308) . 

Fig. 10 is a display example of the different 
messages for different result combinations which are 
displayed when the respective comparison results are 
summed, in a case where there is a plurality of prescribed 
state values, relating respectively to the hydraulic oil 
pressure and the engine speed. By means of the 

aforementioned comparison in the hydraulic oil pressure 
region, if the frequency distribution E6 exceeds the 
target value E5, and if the frequency distribution E8 
exceeds the target value E7 on the basis of the 
aforementioned comparison in engine speed region III, then 
it is inferred that light-load operation is frequent and 
wasteful- operation is frequent. Therefore, the 

construction machine is taken to be operating 
inefficiently, and a previously determined message warning 
about the inefficient operation of the construction 
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machine , or a message recommending the operator to work 
the construction machine in an energy-saving mode, or the 
like, is displayed (T10.1) . If the frequency, distribution 
E6 exceeds the target value E5 as a result of the 
aforementioned comparison in hydraulic oil pressure region 

I, and the frequency distribution E8 exceeds the target 
value E7 as a result of the aforementioned comparison in 
engine speed region IV, then it is inferred that the 
construction machine is performing suitable work. 
Therefore, a previously determined message praising this 
suitable operation is displayed (T103) . Similarly, if the 

m 

frequency distribution E6 exceeds the target value E5 as a 
result of the aforementioned comparison in hydraulic oil 
pressure region I, and the frequency distribution E8 
exceeds the target value E7 as a result of the 
aforementioned comparison in engine speed region V, then 
it is inferred that the engine speed is high and the work 
load is light, and hence the construction machine is 
operating inefficiently. Therefore, a previously 

determined message warning about the inefficient operation 
is displayed (T105) . If the frequency distribution E6 
exceeds the target value E5 as a result of the 
aforementioned comparison in hydraulic oil pressure region 

II, and the frequency distribution E8 exceeds the target 
value E7 as a result of the aforementioned comparison in 
engine speed region III, then it is inferred that the load 
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is high and that the construction machine is performing 
wasteful work frequently. Therefore, it is judged that 
the construction machine is operating inef f iciently, and a 
previously determined message warning about this 
inefficient operation is displayed (T107) . If the 

frequency distribution E6 exceeds the target value E5 as a 
result of the aforementioned comparison in hydraulic oil 
pressure region II, and the frequency distribution E8 
exceeds the target value E7 as a result of the 
aforementioned comparison in engine speed region V, then 
- it is inferred that the load is high and that the 
construction machine is working frequently at high engine 
speed. Therefore, it is judged that the construction 
machine is operating inefficiently, and a previously 
determined message warning about this inefficient 
operation is displayed (Till) . 

If the frequency distribution E6 of the detected 
hydraulic oil pressure exceeds the target value E5, as in 
table 102, table 104, table 106, table 108, table 109, 
table 110 and table 112 shown in Fig. 10, but the 
frequency distribution E8 of the engine speed is equal to 
or less then the target value E7, then it is inferred that 
the construction machine is operating efficiently, and no 
particular warning is presented to the operator and no 
message is displayed. 
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With regard to the single state value which relates 
to the operational condition of the construction machine, 
besides the hydraulic * oil pressure or engine speed 
described above, it is also possible to judge the 
frequency of an automatic deceleration state and the 
frequency of a lever lock state. 

Fig. 11 is a diagram showing a judgment of the 
frequency of an automatic deceleration state. The setting 
section 36 sets the target value E9 for the automatic 
deceleration frequency and this target value E9 is stored 
in the control section 35. The frequency of the automatic 
deceleration state is detected by the control section, and 
the detected frequency of the automatic deceleration state 
is compared with the previously determined target value 
E9. If the frequency of the automatic deceleration state 
exceeds the target value E9 as a result of this 
comparison, then it is judged that the construction 
machine is operating inefficiently, and a message is 
displayed on the monitor screen 26 prompting the operator 
to control the machine in such a manner that the frequency 
of the automatic deceleration state comes within the 
target value E9. The displayed message is preset by the 
setting section 36 and is stored in the control section 
35. 

Fig. 12 shows a flowchart depicting the sequence of 
control for displaying a message in accordance with the 
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result of comparing the frequency distribution of the 
automatic deceleration state and the target value E9. 

As shown in Fig. 12, the control section judges that 
the construction machine is in an automatic deceleration 
state (S401) . If the construction machine is not in an 
automatic deceleration state, the procedure returns to the 
start and this detection is repeated. At step 402, the 
time during which the automatic deceleration state is 
detected within a prescribed time period is added up, and 
the frequency of the automatic deceleration state is 
calculated (S403) . Thereupon, if the ratio of the 

automatic deceleration state in the prescribed time period 
is equal to or greater than the target value E9 (30%), as 
shown in Fig. 11, then it is inferred that an idle state 
has continued for a long period of time, and hence it is 
judged that the construction machine is operating 
inefficiently. Therefore, a previously determined message 
is displayed to the operator in such a manner that the 
frequency of the automatic deceleration state comes within 
the target value E9 (S404) . 

Fig. 13 is a diagram showing a judgment of the 
frequency of a lever lock state. The setting section 36 
sets the target value E10 for the lever lock frequency and 
this target value E10 is stored in the control section 35. 
The frequency of the lever lock state is detected by the 
control section, and the detected frequency of the lever 
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lock state is compared with the previously determined 
target value E10. If the frequency of the lever lock 
state exceeds the target value E10 as a result of this 
comparison, then it is judged that the construction 
machine is operating inefficiently, and a message is 
displayed on the monitor screen 26 prompting the operator 
to control the machine in such a manner that the frequency 
of the lever lock state comes within the target value E10. 
The displayed message is preset by the setting section 36 
and is stored in the control section 35, 

As shown in Fig. 14, the control section judges 
whether the construction machine is in a lever lock state 
(S-501) • If the construction machine is not in a lever 
lock state, the procedure returns to the start and this 
detection is repeated. At step 502, the time during which 
the lever lock state is detected within a prescribed time 
period is added up, and the frequency of the lever lock 
state is calculated (S503) . Thereupon, if the ratio of 
the lever lock state in the prescribed time period is 
equal to or greater than the target value E10 (18%), as 
shown in Fig. 14, then it is inferred that an idle state 
has continued for a long period of time, and hence it is 
judged that the construction machine is operating 
inefficiently. Therefore, a previously determined message 
is displayed to the operator in such a manner that the 
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frequency of the lever lock state comes within the target 
value E10 (S504) . 

The target value E9 (30%) in Fig. 11 and the target 
value E10 (18%) in Fig. 13 can be set by using the setting 
section 36, or the user can set the target value freely. 

Moreover, as shown in Fig. 15, it is also possible to 
make judgments on the basis of the frequency of 
operations, such as a swinging operation of the boom 5, a 
swinging operation of the arm 6, a swinging operation of 
the bucket 7, a rotating operation of the upper rotating 
body 3, a traveling operation, and the like. More 
specifically, a target value (target setting) is preset 
fdr each operation and this preset value is compared with 
the actual distribution of the operation. In Fig. 15, the 
range M is a range where the rotational frequency is high 
and exceeds the target value (target setting) . Therefore, 
a message indicating, for example, " reduce fuel 
consumption by reducing angle of rotation" , or the like, 
is displayed on the monitor screen 26. Furthermore, the 
range N is a range where the travel time frequency is high 
and exceeds the target value (target setting) . 
Consequently, a message is displayed on the monitor screen 
26 indicating, for example, "High frequency of travel. 
Avoid unnecessary movement in the work site. Try to 
operate the machine efficiently." or "High frequency of 
travel. Reduce fuel consumption by lowering engine speed 



by about 200 rpm. " , or the like. In this case, of course, 
if the operating frequency exceeds the preset value for 
the boom 5, arm 6, bucket 7, or the like, then advice for 
reducing the frequency thereof is displayed. The 
frequency of the boom 5, and the like, can be calculated 
on the basis of the extension and contraction of the 
piston rods of the respective cylinder mechanisms which 
cause the boom 5, or the like, to swing. 

In the operating system for a construction machine 
described above, the frequency distribution of a 
prescribed state value relating to the operating condition 
of the construction machine within a prescribed time 
pe'iriod is determined, this frequency distribution is 
compared with a target value at which the frequency of the 
prescribed state value indicates efficient operation, and 
if the frequency distribution lies outside the target 
values, then the construction machine is judged to be 
operating inefficiently and operational advice is provided 
to the operator in order to make the frequency 
distribution come within the target values. Therefore, if 
the current control of the construction machine is an 
inefficient operational state for that vehicle, then the 
operator is able to receive operational advice in order 
that he or she avoids inefficient operation and achieves 
efficient operation. Therefore, if the operator performs 
control in accordance with this advice, then he or she is 
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able to perform efficient operation corresponding to the 
work contents. 

In particular, if the frequency distribution, of the 
prescribed state value is the hydraulic oil pressure 
distribution, then it is possible to detect a case where 
loadless operation has a high frequency, or conversely, a 
case where high-load operation has a high frequency, and 
the like. A case where the frequency of loadless 
operation is high corresponds to a long idling state, or 
the like, and therefore operational advice recommending 
the operator to halt idling, or to reduce the engine speed 
during idling, can be provided. In this way, reductions 
in fuel consumption, and the like, can be achieved. 
Furthermore, a case where the frequency of high-load work 
is high corresponds to a case where excessive load is 
applied frequently, and therefore operational advice 
recommending the operator to avoid work of this kind can 
be presented and hence highly efficient work can be 
performed. Furthermore, if the prescribed state value is 
the frequency distribution of the engine speed, then it is 
possible to detect a low-speed idling state where the 
engine speed is reduced, or a case where the automatic 
deceleration state, and the like, has high frequency, and 
the like. Therefore, if a low-speed idling state of 
reduced engine speed of this kind, or the like, occurs 
frequently, then it is possible to provide operational 



advice in order that the operator halts idling. 
Therefore, fuel consumption can be improved, for instance. 
Moreover, if the prescribed state value is the frequency 
distribution of a work action, then if the construction 
machine is an excavator, for example, it is possible to 
detect a boom swinging operation, an arm swinging 
operation, a bucket swinging operation, a rotating 
operation of the upper rotating body, a travel operation, 
and the like. Therefore, supposing that the rotation 
operation has high frequency, it is possible to provide 
operational advice in order that the operator reduces the 
angle of rotation of the machine. Furthermore, if the 
travel frequency is high (if the frequency of the travel 
time is high) , then this indicates that wasteful movement 
in the worksite occurs frequently, and therefore 
operational advice can be provided recommending the 
operator to avoid unnecessary movement in the worksite. 

Furthermore, in the operating system for a 
construction machine composed as described above, it is 
possible for the operator to see operational advice by 
looking at the monitor screen 26, while driving the 
construction machine or performing various work tasks, and 
therefore the operator can immediately make an effort to 
operate and control the machine, in a way which seeks to 
improve fuel consumption, during travel or during work 
(for example, when using the construction machine to 
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perform an excavation task, or the like) . Consequently, 
the operator can make a contribution toward saving energy. 

In the embodiment described above, the whole 
operating system is mounted in the construction machine, 
but as shown in Fig. 16, it is also possible to compose 
the operating system by means of a component 4 0 located in 
the construction machine, and another component 41 located 
outside the construction machine. In this case, the 
component 4 0 located in the construction machine comprises 
an engine speed detector 31, a hydraulic oil pressure 
detector 32, a fuel injection amount detector 33, a 
quantity of work detector 34, control section 35, display 
section 30, a communications device 38, and the like. 
Furthermore, the component 41 located outside the 
construction machine comprises setting section 36, 
calculating section (control section) 37, a communications 
device 39, and the like. 

More specifically, data for the prescribed state 
value is detected by the engine speed detector 31, 
hydraulic oil pressure detector 32, or the like, and this 
data is gathered by the control section 35 and sent by the 
communications device 38 to the component 41 located 
outside the construction machine. In the component 41, 
this data is sent from the communications device 39 to the 
calculation section 37. The target value preset by the 
setting section 36 is input to the calculation section 37, 
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and in this calculation section 37, the actual 
distribution is compared with the target value, and if the 
aforementioned frequency distribution lies outside the 
target values, then it is judged that the construction 
machine is operating inefficiently. Operational advice 
recommending that the frequency distribution be brought 
within the target values is sent from the communications 
device 39 to the machine-side communications device 38, in 
such a manner that the advice can be displayed on the 
display section 30 via the control section 35. In this 
case, in the calculation section 37, it is judged whether 
the respective prescribed state values indicate 
in-efficient operation or efficient operation, and this 
judgment result is transmitted from the communications 
device 39 to the communications device 38. The machine- 
side control section 35 decides the display contents on 
the basis of this judgment, in such a manner that the 
display contents thus decided are displayed. 

By constituting an operating system by means of a 
component 4 0 located in the construction machine and a 
component 41 located outside the construction machine, in 
this way, it is possible to reduce the amount of equipment 
constituting the system that is mounted in the 
construction machine, and hence the weight and size of the 
construction machine can be reduced. Moreover, since 
operational advice is sent to the construction machine 



from a section outside the construction machine, it is 
possible to set the timing at which this operational 
advice is sent to the construction machine, to a desirable 
timing, and the contents of the information thus 
transmitted can be changed as desired. Furthermore, it is 
possible for advice which is matched to the work being 
performed by the operator in the operator's cab 11, and 
the like, to be conveyed to the operator at a suitable 
timing, and therefore the operator can readily devise a 
highly efficient working method. If, on the other hand, 
the whole operating system is mounted in the construction 
machine, then the amount of equipment installed in the 
construction machine increases, but since the processing 
for creating operational advice can be performed swiftly, 
it is possible to avoid an inefficient operational state 
straight away and hence stable and highly efficient work 
can be performed. 

Furthermore, in the case of both the composition 
shown in Fig. 3 and the composition shown in Fig. 16, 
display section 30 may be provided externally to the 
machine. In this case, machine-side display section 30 
may also be provided, as described previously, or the 
machine-side display section 30 may be omitted. If 
display section 30 is provided outside the construction 
machine, then an externally located work manager, or the 
like, is able to identify the operational advice. 



Therefore, the work manager, or the like, is able to 
ascertain whether the construction machine is operating 
inefficiently or efficiently, thereby facilitating his or 
her subsequent management duties, and so on. 

Moreover, as a further embodiment, it is also 
possible to provide a sound generator (not illustrated) in 
the operator's cab 11, in such a manner that the 
aforementioned advice can be conveyed to the operator in 
the operator's cab 11 by means of a voice announcement 
issued from the sound generator. More specifically, the 
advice is generated by means of a voice which can be heard 
by the operator inside the operator's cab 11. The voice 
announcement from the sound generator may be provided 
independently, or it may be used in conjunction with the 
monitor display described above. In the case of a voice 
announcement, the operator is able to ascertain the 
aforementioned advice while looking forwards from the 
front window 23, or the like, thereby preventing the 
operator from being distracted from the task of operating 
and controlling the machine. However, in the case of a 
voice announcement, the advice may be difficult to hear 
due to the noise in the work site, or the like, and in a 
case of this kind, advice can be conveyed to the operator 
by means of the aforementioned monitor display. 
Therefore, by combining use of a voice announcement and a 
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monitor display, it is possible to convey advice to the 
operator in a reliable fashion. 

Furthermore, it is also possible to display the fuel 
consumption per unit time, or the fuel consumption per 
quantity of work, as a prescribed state value relating to 
the operational state of the construction machine. More 
specifically, the frequency distribution of the prescribed 
state value is taken to be the fuel consumption amount or 
the rate of fuel consumption, and by providing operational 
advice to the operator, or the like, in order to avoid 
inefficient operation, in the case of inefficient 
operation where the fuel consumption amount or the fuel 
consumption rate is greater than a target value, then it 
is possible for the operator immediately to operate the 
machine in such a manner that the fuel consumption amount 
or the fuel consumption rate assumes the target value. 
Therefore, efficient operation can be performed. 

According to the embodiment described above, it is 
possible to detect a case where loadless operation has a 
high frequency, or conversely, a case where high-load 
operation has a high frequency, and the like. A case 
where the frequency of loadless operation is high 
corresponds to a long idling state, or the like, and 
therefore a message recommending the operator to halt 
idling, or to reduce the engine speed during idling, can 
be provided. In this way, reductions in fuel consumption, 



and the like, can be achieved. Furthermore, a case where 
the frequency of high-load work is high corresponds to a 
case where excessive load is applied frequently, and 
therefore a message recommending the operator to avoid 
work of this kind can be provided and hence highly 
efficient work can be performed.. Furthermore, it is also 
possible to detect a low-speed idling state where the 
engine speed is reduced, or a case where the automatic 
deceleration state, and the like, has high frequency, and 
the like. Therefore, if a low-speed idling state of 
reduced engine speed of this kind, or the like, occurs 
frequently, then it is possible to output a message in 
order that the operator halts idling. Therefore, fuel 
consumption can be improved, for instance. 

According to the embodiment described above, if the 
construction machine is an excavator, for example, then it 
is possible to detect a boom swinging operation, an arm 
swinging operation, a bucket swinging operation, a 
rotating operation of the upper rotating body, a travel 
operation, and the like. Therefore, supposing that the 
rotating operation has high frequency, it is possible to 
output a message in order that the operator reduces the 
angle of rotation of the machine. Furthermore, if the 
travel frequency is high (if the frequency of the travel 
time is high) , then this indicates that wasteful movement 
in the worksite occurs frequently, and therefore a message 
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can be output , recommending the operator to avoid 
unnecessary movement in the worksite. Consequently, 
highly efficient work can be performed. 

Furthermore, in the case of inefficient operation 
where the fuel consumption amount or the fuel consumption 
rate is greater than a target value, it is possible for 
the operator, or the like, to receive a message in order 
that he or she avoids operation of this kind. Thereby, it 
is possible for the operator immediately to operate the 
machine in such a manner that the fuel consumption amount 
or the fuel consumption rate assumes a target value, and 

to 

hence efficient operation can be performed. 

According to the embodiment described above, by using 
sound output section, an operator located in the 
operator's cab 11 is able readily to identify a message by 
hearing, as well as being able to identify a message by 
means of a monitor screen. 

According to the embodiment described above, it is 
possible to determine the frequency distribution of a 
prescribed state value and rapidly carry out processing 
for providing a message on the basis of a comparison 
between that frequency and the target value. Therefore, 
an inefficient operating state can be avoided straight 
away, and stable and highly efficient work can be 
performed. 
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Furthermore , the amount of equipment constituting the 
operational control system that is mounted in the 
construction machine can be reduced and therefore the size 
of the construction machine can be reduced. Since a 
message is sent to the construction machine from a section 
outside the construction machine, it is possible to set 
the timing at which this message is sent to the 
construction machine, to a desirable timing, and the 
contents of the information thus transmitted can be 
changed as desired. Furthermore, it is possible for a 
message which is matched to the work being performed by 
the operator in the operator's cab, or the like, to be 
conveyed to the operator at a suitable timing, and hence 
the operator can readily devise a highly efficient working 
method. 

According to the embodiment described above, an 
externally located work manager, or the like, can identify 
this message, and the work manager, or the like, can 
ascertain whether the construction machine is being 
operated efficiently or inefficiently. This facilitates 
subsequent work management duties. 

The invention was described above with respect to 
specific embodiments, but the invention is not limited to 
these embodiments and may also be implemented by 
incorporating various modifications, within the scope of 
this invention. For example, desirably, the position of 



the monitor screen 22 is a position where the monitor 
screen 2 6 can be viewed by the operator when he or she is 
sitting in the operator's cab 13 and driving the 
construction machine or performing a work task with the 
work tool 4. However, it is not limited to the position 
shown in Fig. 1. Moreover, the text of the operational 
advice shown on the monitor display is not limited to full 
sentences of the type indicated in the aforementioned 
embodiments, and short texts, such as " Improve fuel 

consumption" , may be used. This is because, even if only 

the text "Fuel consumption" , or the like, is displayed, 

this still allows the operator to judge that the current 
operation and control of the machine is inefficient, and 
he or she can therefore strive to operate and control the 
machine in a way which improves the fuel consumption. 
Furthermore, if operational advice is displayed on a 
monitor, then a text-only display may be provided, as in 
the aforementioned embodiment, but it is also possible to 
provide, simultaneously with this text, a diagram which 
makes the advice more readily understandable. 
Alternatively, the text may be omitted and only a diagram 
of this kind displayed. Furthermore, in the foregoing 
embodiments, advice is displayed on an existing monitor 
screen 22 which shows the engine status, and the like, but 
it is also possible to provide a separate advice display 
monitor device, which differs from the existing monitor 



device, in such a manner that advice can be displayed on 
this advice display monitor device. A graph diagram such 
as that in Fig. 4 may be displayed on the monitor screen 
2 6, but in this case, the graph diagram may be removed 
when operational advice is shown on the monitor, or it may 
be displayed together with the operational advice. The 
construction machine is not limited to being an excavator, 
and the present invention may be applied to various types 
of machine, such as a crane, breaking machine, or the 
like. 
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